The mechanical properties of polyester composites reinforced by various combinations of glass fibre types were investigated. The samples were tested before and after the operation of the wet media in the salt chamber. Cross sections were recorded to determine the presence of cavities. It was concluded that the properties of composites depended not only on the number and type of reinforcement but also much more on the portion of cavities. It is concluded that the intermediate surface with a smaller portion of the cavities contributes to the compositions to be firmer and stiffer, but also fragile. As a result, the negative influence of water increases with the increase of porosity.
INTRODUCTION
The advantage of composite materials over other types of materials is seen in the simple production of (and) very complicated forms, in lower price, less weight and in better resistance of such materials to aggressive media. Characteristics of allowed loads in service depend on mechanical properties of materials, i.e. on their tensile strength, on bending strength and toughness, as well as on the shear strength [1] . Glass fibres have defined mechanical properties, however, certain types and combination of reinforcements can affect their behaviour under specific service conditions [2] . Cavities occur while creating each composite, regardless of the process of production. One of the reasons for such occurrence are air bubbles that remain trapped in the material within the initial stage of production. Another reason is the release of easily evaporable products during the hardening phase of the composite at elevated temperatures [3] . Because of the weaker connection between the matrix and reinforcement, the increase in the portion of cavities has negative influence on the mechanical properties [4] .
Samples of manually prepared plates were tested for the dependence of mechanical properties on the number, combination and arrangement of different types of glass fibres under the conditions of water action. The aim was to determine to what extent the combination and type of glass fibre knits could influence the mechanical properties of polyester laminates, by paying attention to the influence of water media.
CHARACTERISTICS OF PRODUCTION AND APPLICATION OF POLYESTER LAMINATES REINFORCED BY GLASS FIBRES
According to the type of reinforcement, they are divided into mat, roving and combimat.
The mat usually consists of equally thick layer of fibres that are scattered on surface in all directions (unbound fibres).
Laminate made with mat has equal properties in all directions. Roving is a simple cropped fabric that has the base and the stem most often (0° : 90°) and it usually has equally thick strands. It has better properties in two distinct directions, and worse for all cross-directions.
Combimat is a combination of fiberglass (roving) and chopped glass fibres (mat). The layers are joined by sewing with polyester thread into one single layer. The layer of chopped glass fibres (mat) is applied to achieve better interlaminar strength, and the purpose of joining the two layers is obtaining faster service and more accurate maintenance of the defined reinforcement mass. The outer layer (gel coat) serves to protect and decorate. The inner layer (top coat) protects the laminate from inside and it is of similar formulation as the outer layer. Since the most laminate strength comes from reinforcement, this built-in reinforcement mass is important for the final product appreciation. Therefore, in addition to defining the type of weave, the surface reinforcement mass is also mandatory to be stated. Standard surface masses are 225, 300, 450, 600 g/m 2 . Fig. 1 presents a characteristic cross-section of a glass fibre reinforced composite made by manual air extrusion by using a roller. There are two most common processes of making products of polyester laminates. One is manual procedure where the air bubbles are extruded by hand with a roller.
The other is the Resin Transfer Molding -RTM procedure, where the air bubbles are "extracted" by vacuum (injection pressing in vacuum). Manual procedure is usually used in individual, and the RTM is used in serial production. The advantage of manual air bubble extrusion is found in its simplicity, minimum costs, work at a room temperature and small work space required. The disadvantages are styrene vaporization, great portion of labour contained in the product price and there is only one side "smooth". Because of its specific properties, glass fibre reinforced composite materials are used in shipbuilding [5] , in transport vehicle industry [6] , in agriculture, chemical and process industries, and in leisure equipment production [7] . Characteristic examples of such application are shown in Fig. 2 . Figure 2 Characteristic examples of composite materials applications a) vessels [5] ; b) car parts [6] ; c) containers for the processing industry; d) pools [7] 3 EXPERIMENT PLAN For the purpose of carrying out the research into influence of water on properties of polyester laminates reinforced by glass fibre within manual air extrusion process, the authors prepared 5 plates in different reinforcement combinations. Composition and thickness of plates are overviewed in Tab. 1 . Influence of water was tested in a salt chamber. The media properties were as follows: -5% solution NaCl; -temperature of the media 40 °C; -duration of testing 15 days × 24 h.
The number of plates used in the experiment is presented in the Tab. 2. There were 5 samples prepared for testing without prior action of the medium and 5 samples for testing after the medium action. All other experiments were performed on 20 samples, of which 5 for the side "A" and 5 for the side "B", 5 for testing without media and 5 for testing after the action of the media.
RESULTS OF TESTING
Samples were tested according to the experiment plan and the cross-section structure was recorded. Prior to that, plates were measured for their thickness and portion of inorganic substances was determined according to DIN 52330, Tab. 3. The portions of reinforcement mass in the laminate depend on the type of reinforcement, 1 layer of mat, 2 layers of mat, roving etc. [8] . Actual portions are obtained only after "hardening" and then burning all of samples. 
Mechanical Properties of Plates
After completed testing, values of the arithmetic mean of tensile strength, tensile modulus of elasticity, interlayer strength and toughness were defined. The results are overviewed in Tab. 4 refer to results without exposure to the medium, and in the denominator, the results are obtained after exposure to medium action in the salt chamber. 
Structure of the Plate Cross-Sections
The structure of characteristic cross-sections of each plate was recorded. The structure was observed by means of an optical microscope with polarized light.
Characteristic structures are presented in Figs. 3, 4 , 5, 6 and 7, a) without medium action, and b) after medium action.
ANALYSIS OF RESULTS
The average high ranking of plate 3 occurred most likely because of homogeneity of the structure, as well as most of the fabric layers (two layers) in the plate centre.
The influence of medium action was not present in great extent, and the measured values were lower than 10%. Average ranking of the plate 5 is explained by reinforcement with two layers of fabric at the centre, with a moderate cavity content perpendicular to the crosssection. The decrease in mechanical properties due to the medium action is around 15%. The differences in ranking of plates 1 and 4 (which also have two layers of fabric in the centre) are a consequence of significant portion of cavities. The media have strong negative effect on their properties, which are lowered by 20 ÷ 25 %.
Slightly lower mechanical properties of plate 2 can be attributed to less layers of reinforced material. Moderate presence of porosity in the form of cavities is noticed in the cross-section structure of this plate. After medium action, mechanical properties are lowered by 12 ÷ 15 %.
CONCLUSION
By changing layers, types of reinforcement, their layout and thickness, composite materials are achieving better properties in an optimal way. In production by soaking, it is very important to extrude the air. The number of present cavities in the marginal plates has negative effect on the mechanical properties, and this effect is even increased when influenced by media. With a lower porosity content, decrease in mechanical properties is around 10 %. Along with the increase of porosity and cavities, the mechanical properties are reduced by 20 % and more. Further research should analyse the possibility of using the Resin Transfer Molding to reduce the presence of air bubbles and to achieve more homogeneous structure. This should result in better mechanical properties, especially in smooth upper surface, because for some areas of application it is aesthetically important to have both sides smooth ("A" and "B"). While doing so, it shall be mentioned that the lowering of porosity portion could reduce the negative influence of water on the mechanical properties of a material.
